Objectives: Evaluate the production and the research collaborative network on Leishmaniasis in South America. Methods: A bibliometric research was carried out using SCOPUS database. The analysis unit was original research articles published from 2000 to 2011, that dealt with leishmaniasis and that included at least one South American author. The following items were obtained for each article: journal name, language, year of publication, number of authors, institutions, countries, and others variables. Results: 3,174 articles were published, 2,272 of them were original articles. 1,160 different institutional signatures, 58 different countries and 398 scientific journals were identified. Brazil was the country with more articles (60.7%) and Oswaldo Cruz Foundation (FIOCRUZ) had 18% of Brazilian production, which is the South American nucleus of the major scientific network in Leishmaniasis. Conclusions: South American scientific production on Leishmaniasis published in journals indexed in SCOPUS is focused on Brazilian research activity. It is necessary to strengthen the collaboration networks. The first step is to identify the institutions with higher production, in order to perform collaborative research according to the priorities of each country.
INTRODUCTION
Leishmaniasis is considered a "neglected tropical disease" by the World Health Organization 19 , with a worldwide distribution affecting mainly tropical and developing countries. It is characterized by a variety of clinical conditions that include the visceral and tegumentary forms, the latter of which has two: cutaneous and mucocutaneous 8, 17 . These are the most frequent forms in Latin America, where 66,941 cases of cutaneous leishmaniasis were reported per year, between 2004 and 2008, mostly in Brazil, Colombia and Peru 2, 6 .
Though leishmaniasis is a public health problem in many Latin American countries, the production of scientific literature on this disease is concentrated in Brazil, in collaboration with institutes in the United States, United Kingdom and France 1, 16 . This is despite many South American countries having included leishmaniasis among their national research priorities, in order to ensure the best possible use of their resources to develop policies, standards, scientific knowledge, and health technology for its control, prevention and treatment 4, 15 . Within this context, identifying the institutions that presently contribute to the development of leishmaniasis research is necessary, particularly within the South American sector.
The first step for increasing and improving scientific production from a broad range of Latin American countries is to identify the research groups with the highest levels of production and identify their collaborative networks.
The intention is to identify and characterize collaborative research networks and foster the exchange and transfer of technology and knowledge. This is particularly pressing in the wake of the formation of the Union of South American Nations (UNASUR; www.unasurg.org) and the UNASUR Network of National Institutes of Health (RINS), whose objectives are to strengthen the exchange of knowledge and develop cooperation programs. For these reasons, the aim of this study is to describe the characteristics of scientific collaborations, researching leishmaniasis in South American countries between 2000 and 2011, as shown by scientific publications, and to identify the primary collaborative networks at the regional level. Results will comprise an up-to-date reference of the institutions investigating leishmaniasis in the region.
METHODOLOGY
Design and study population: The bibliometric study that was conducted searched for and extracted publications in SCOPUS from 2000 to 2011 which dealt with leishmaniasis and included at least one South American author. The SCOPUS database was selected because it included all MEDLINE journals and contained the largest collection Manual revisions were carried out for each title and abstract, removing the revisions, reports/case series, short communications, letters to the editor, image galleries, and symposia. Articles that were not related to the topic of leishmaniasis (abstracts that mentioned the term leishman*) were also excluded. Two different authors performed the revision (FR and MM), and when doubts arose they were resolved by consensus, reviewing the article in extenso with a third author (CHS). The number of authors, institutions and countries that participated was identified for each article. Since the analysis focused on the collaboration between institutions, their names were corrected manually when they were incomplete, translated incorrectly, or contained typographical errors. Following a methodology described previously 13 , this methodology was complemented with a search on the web of the profile of the authors or the institutions address. In this way, the following variables were obtained: -Author's signature: Number of authors per article. -Institutional signature: Institutional affiliation declared by the authors in the article -for which there may be more than one. -Country's signature: Country that the authors declare in their institutional signatures.
When the institutional signature included any ministry of health, it was only considered if no additional hospital, institute or other institution with legal autonomy was indicated. From this, the interinstitutional (participation by two or more institutional signatures in one article) and international (participation by two or more signatory countries in one article) collaboration were evaluated. No collaborations between authors were evaluated, as these present more variants (appearing differently in their articles or changed institutional affiliations within the same period) that would have biased our analysis.
Data analysis:
Frequency and percentage analyses were performed using SPSS v17.0 statistical software. The most productive institutions and countries, the number of collaborations between them (signatures that are related to each other by the number of joint publications), the number of publications per year, and the journal with the most publications were determined. To contrast the number of articles produced by South American countries, the number of publications was compared with the estimated number of annual cases of visceral and cutaneous leishmania 2 and scientific/technological development indicators 18 .
To illustrate the collaborative networks, the Pajek v.3.0.2 visual representation program was used, applying the Kamada-Kawai algorithm. This allows graphing the entire network, weighing the collaboration intensities, in addition to being understandable intuitively 14 . Furthermore, three bibliometric indicators were obtained. They allow assessing the relationship of the institutions with collaborative networks, which are: -Degree of collaboration: this indicates the number of collaborators, which is a measurement reflecting the degree of interinstitutional connection. -Intermediation: this assesses the extent that an institution was in the middle or allowed the interconnection between other network members; therefore, it measures the access and control of information flows. -Proximity: this reflects the closeness of each institution with the remaining members comprising the network, assessing the interactive capacity of its peers.
RESULTS
In the SCOPUS database, 3,174 publications were retrieved for the entire study period. Following the manual review of the title and abstract of each publication, 2,272 (71.6%) original articles entered into the analysis. The excluded items were 282 (8.9%) review articles, 113 (3.6%) case reports, 73 (2.3%) letters to the editor, 12 (0.4%) case series, nine (0.3%) short communications, three (0.1%) image galleries, three (0.1%) symposia, one (0.03%) conference abstract, and one (0.03%) thesis. Furthermore, 405 (12.8%) publications were excluded for addressing issues not related to leishmaniasis.
Scientific production per year:
In absolute terms, the number of original articles increased, during the study period, from 87 original articles in 2000 to 293 in 2011 (Fig. 1) . During the period from 2000 to 2005, there were 749 articles (33.0%) published, while from 2006 to 2011, this number grew to 1,519 (67.0%).
Publication language: English was the most common publication language (87.6%), followed by Portuguese (8.9%), Spanish (3.2%), French (0.2%), and German (0.04%). From 2000 to 2005, the 
Journals of publication:
The total number of articles appeared in 398 scientific journals. Eight of them accounted for 32.3% of the articles on leishmaniasis. One-half of the South American scientific production was published in 21 journals, while the other half was scattered throughout 379 journals. The number of journals publishing only one article on leishmaniasis was 198. Forty-six journals contained 65.5% of the publications. The two journals publishing the most articles on leishmaniasis were Brazilian; Memórias do Instituto Oswaldo Cruz and Revista da Sociedade Brasileira de Medicina Tropical which together accounted for 11.2% of the articles throughout the entire study period. The journals with the highest impact factor were Clinical Infectious Diseases (9,154), Journal of Immunology (5, 788) , and the Journal of Antimicrobial Chemotherapy (5,068) ( Table 1) .
Number of authors and institutions:
The median number of authors per article was six with an interquartile range from five to eight. The trend was five authors. There were 10 authors or fewer in 91.5% of the articles, 0.4% of them had only one, 54.2% listed from two to six authors, and 45.4% had seven or more. One article listed 101 authors. The median number of authors per article remained constant in all years.
Regarding the number of institutional affiliations per article, the median and trend was two. The interquartile range was from two to three, i.e., 50% of the articles had two or three affiliated institutions: 32.3% cited two different institutional affiliations and 22.8% cited three. Just under a quarter of the articles listed a single institution, while 20.7% listed four institutions or more. One article listed 24 collaborating institutions. The median number of institutions remained constant in all years.
Production per country:
The identified institutions represented 58 different countries. Twenty countries accounted for 97.7% of the signatures. Brazil was the country with the most signatures (60.7%), followed by the United States (7.1%), Venezuela (4.9%), and Colombia (4.4%). Fifteen countries registered a single institutional signature. Five countries registered two institutional signatures, another five had three signatures and three of the countries registered four institutional signatures. Two countries had five institutions represented, three countries registered six institutions, three countries had ten, and two countries registered twelve signatures. Table 2 compares the production by South American countries with the annual number of leishmaniasis cases and other scientific/technological development indicators.
Production per institution:
The 2,272 original articles had 1,160 different institutional signatures. Most institutions with higher quantities come from Brazil and include the Oswaldo Cruz Foundation (FIOCRUZ), with 11% of South American production and 18% of Brazilian production. It is followed by the University of São Paulo, the Federal University of Minas Gerais, the Federal University of Rio de Janeiro, and the Federal University of Bahia (Table 3 ). The top four institutions also have the highest degree of collaboration, working with more than 100 different institutions, in addition to the highest values of intermediation and proximity to other network members.
Among the institutions with fewer than 100 articles, but with high values for degree of collaboration, intermediation and proximity are the Cayetano Heredia University, the London School of Hygiene and Tropical Medicine, and the University of Antioquia. Table 4 shows the non-South American countries and their institutions with the highest quantities of signatures for original articles on leishmaniasis produced by South American countries.
Collaborative networks: One large collaborative network was identified (Fig. 2) along with five smaller ones (Fig. 3) . The largest network is centered on Brazilian institutions, whose production center is FIOCRUZ. This institution collaborates intensely with the five most productive institutions and collaborates independently with several institutions primarily in Brazil, the USA, and the United Kingdom. The largest network has two extensions, the first of which derives from the collaboration between the Federal University of Rio de Janeiro with the Venezuelan Institute for Scientific Research, which then integrates other Venezuelan institutions into the network. The second extension begins at the Evandro Chagas Institute of Brazil, followed by the London School of Hygiene and Tropical Medicine of the United Kingdom, and concludes with the Cayetano Heredia University of Peru (UPCH), which then integrates European institutions that are primarily Belgian. Beyond the Venezuelan and Peruvian collaboration in these large networks, no collaboration with other South American institutions is evident.
The five smaller collaborative networks are constituted by i) four Japanese universities, the Catholic University of Santiago de Guayaquil, and the Ministry of Public Health of Ecuador; ii) exclusively Argentinean institutions; iii) Venezuelan institutions for Scientific Research with the University of Wurzburg (Germany); iv) Colombian institutions (Del Valle University and International Center of Training and medical research-CIDEIM) with Yale University; and v) two Colombian universities.
DISCUSSION
Overall, collaborations between South American institutions have been reported in other studies 12, 13 as being intense and including all countries in the region. However, in the case of collaborations for leishmaniasis research, (with the exception of the collaboration between Brazil and Venezuela, and to a lesser extent with Peru), South American countries collaborate less intensively. Leishmaniasis research has characteristics that differentiate it from other diseases. Individuals affected by the disease are usually rural, low-income, and there is low incidence in European countries and the United States, where the predominant clinical form is visceral leishmaniasis 17 . Because of these characteristics, leishmaniasis is not considered a research priority in these countries, which reduces the potential for collaborative research with South American countries. Furthermore, pharmaceutical industry investment is low, thus new drugs with fewer side effects and lower toxicity are not being developed. These characteristics, among others, have led leishmaniasis to be characterized as a "forgotten disease" (also known as "neglected tropical disease") 
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The forgotten disease condition for leishmaniasis is exemplified in Peru, for example, by the very active collaborations that Cayetano Heredia University has with more than ten North American institutions in cancer research and with more than 20 institutions in clinical medicine research 13 , while the collaboration intensity with North American institutions is lower. Although leishmaniasis research is a specific area of development and can be carried out by fewer institutions, this does not mean that they are to be isolated from other foreign collaborators and institutions. On the contrary, as there are few national institutions researching it, collaborative work is needed (especially with foreign institutions), in order to increase their production.
Peruvian-Belgian collaboration, specifically that between the UPCH and the Institute of Tropical Medicine (Amberes, Belgium), has been described in its constitution, importance, and products 9 , by which the network described in our study reflects the results of such collaboration, which mainly comprises exchanges of researchers following training grants 10 . Although studies showing the products of the collaboration between South American institutions with other countries have not been found yet, the Peruvian example (Peruvian-Belgian collaboration) may explain the results of the specific cooperation between Ecuador and Japan.
Brazil leads in the South American context, participating in more than 50% of the South American scientific production 12 , and is the country with most cases in the region. Its investment in development, science and technology, along with its research policies, has allowed it to address its own health problems and require less collaboration to maintain and increase its scientific production. In the area of neglected diseases, it leads South American research 7 in Chagas disease following collaboration patterns similar to those described in our study. There are three factors that make Brazil the country with the highest production on leishmaniasis and, perhaps, also with other neglected diseases: i) the high number of new cases of cutaneous and visceral leishmaniasis 2 ; ii) increased public spending in research & development (the most in South America) 18 ; and iii) an active network of interinstitutional collaboration, something which increases research productivity 3 .
Globally, India leads scientific production on leishmaniasis. Following it are Brazil, Spain, the USA, and France 1, 16 , however, the clinical form studied most is the visceral variety, which may explain why the remaining South American countries, which have a lower incidence of these clinical forms 2 , have less European or North American collaboration. The collaboration between these countries is focused in priority topics for European countries and the USA, and not in complete response to the research agendas of the South American countries. Theses agendas in several cases include neglected infectious diseases but those not prioritize leishmaniasis as a specific cause of disease burden. In this context, participation by UNASUR could play an integrating role in the promotion of research efforts within South America. The RINS-UNASUR 2011-2015 five-year plan establishes the coordination of projects through the creation of thematic networks composed of staff members from UNASUR member countries with recognized expertise in the field of study on both national institutes of health, as well as university levels in these countries. One of the main proposed thematic networks is research on neglected infectious diseases. This initiative could focus research efforts on leishmaniasis, which, like dengue fever, is widespread throughout the region. It would also strengthen the leishmaniasis collaborative network on a regional level. The results of this study could serve as a baseline diagnosis to be used for comparison purposes, once the specified measures envisaged in the five-year plan materialize.
As for the distribution of the published articles, our sample appeared in almost 400 different journals. However, 32.3% of them are concentrated in only eight journals. Another research has reported 389 the top eight journals accounting for 21% and 24% of the articles on leishmaniasis 16 . Seventy percent of the articles are distributed throughout 390 different journals. This nucleus of eight journals is comprised by two that are Brazilian (and are those that published the most) while the remaining six are not South American. Both Brazilian journals are institutional -Memórias do Instituto Oswaldo Cruz and the Revista da Sociedade Brasileira de Medicina Tropical belong to a public research institute and a medical society, respectively. They publish research on tropical diseases, preventive medicine, public health, and infectious diseases. Furthermore, both journals are free, which improves their visibility within the South American scientific community. If these results are compared with another study that explores worldwide production over a similar period of time (2000-2009), we can find some differences that can be explained by the geographic limits in our study. In that study, the journals with the highest publication of articles on leishmaniasis were Molecular and Biochemical Parasitology, Infection and Immunity, Experimental Parasitology, The American Journal of Tropical Medicine and Hygiene, and Parasitology Research. Although it is true that these journals are found among those with the most publications in our analysis, the order according to contribution is clearly different.
This study has some limitations. Our sample does not represent all the South American collaboration or actions taken to address the problems associated with leishmaniasis, as this may be reflected differently from a scientific publication (patents, clinical guidelines, among others) 11 . For example, the scientific production described does not represent the region's entire production, only research appearing in journals with international visibility. Therefore, it is possible that articles have been published about leishmaniasis in local journals that are not indexed by SCOPUS or MEDLINE. However, we felt that not including them would not affect our analysis of collaborative networks given that the production in local journals is less and because that research is conducted with less international collaboration. The IF was obtained from 2011 by JCR. This IF does not represent the whole period, but it is necessary to understand the current importance of the journals. Finally, it is possible that networks under construction are not evident in our network, since they still have to publish enough articles together. These will be revealed in subsequent studies, with our study serving as a baseline.
In conclusion, South American scientific production on leishmaniasis published in journals indexed in SCOPUS is focused on Brazilian activity. This activity integrates several institutions that collaborate primarily with FIOCRUZ and integrate Venezuelan and Peruvian institutions, but with little foreign participation, especially from South American countries. Networks producing less are those integrated by Ecuadorian-Japanese collaboration, or Venezuelan, Colombian or Argentinean institutions. It is possible that the South American collaborative networks will integrate the research factors from several countries as part of RINS-UNASUR soon, so we recommend that institutions interested in conducting or increasing their scientific production on leishmaniasis promote collaboration with the institutions nearest the center of these networks, i.e., those that demonstrate the highest values in collaboration and intermediation. All this considering that leishmaniasis is more than a neglected disease, it is a disease of forgotten or excluded populations, and finding solutions for its treatment (new and more effective drugs), prevention and control will only be possible by the attention paid and initiative shown by affected countries, providing the necessary funding and favoring collaborative work on a common problem. Objetivos: Evaluar la producción y la red de colaboración de investigación sobre leishmaniasis en Sudamérica. Métodos: Se realizó un estudio bibliométrico usando la base de datos SCOPUS. La unidad de análisis fueron los artículos originales de investigación publicados desde el año 2000 hasta 2011, realizados sobre leishmaniasis y que incluyeron al menos un autor sudamericano. Se obtuvieron para cada artículo: nombre de la revista, idioma, año de publicación, número de autores, instituciones, países y otras variables. Resultados: 3174 artículos fueron publicados, 2.272 de ellos eran artículos originales. Se identificaron 1.160 firmas institucionales diferentes, 58 países y 398 revistas científicas. Brasil fue el país con más artículos (60,7%) y la Fundación Oswaldo Cruz (FIOCRUZ) tuvo 18% de la producción brasileña, convirtiéndose en el núcleo Sudamericano de la mayor red científica de Leishmaniasis. Conclusiones: La producción científica de Sudamérica sobre Leishmaniasis publicada en revistas indexadas en SCOPUS se centra en la actividad de la investigación brasileña. Es necesario fortalecer las redes de colaboración, el primer paso para ello es la identificación de las instituciones con mayor producción con el fin de llevar a cabo la investigación en colaboración de acuerdo con las prioridades de cada país.
